Structure-function relationships in an antifreeze polypeptide. The role of charged amino acids.
Several analogs of an alanine-rich alpha-helical antifreeze polypeptide were synthesized and studied to evaluate the role of charged amino acids on structure and activity. alpha-Helix content and thermal stability were assessed by circular dichroism spectrometry and antifreeze activity by freezing point depression (thermal hysteresis) and ice crystal growth rate measurements. Rearrangement, deletion and replacement of charged amino acids resulted in reduced helicity and antifreeze activity in some cases, but the effects were not dramatic. We conclude that the i+4 ion pair Lys18/Glu22 helps to stabilize the alpha-helix but is not absolutely essential for activity. NH2-terminal Asp does not contribute significantly to helix stability or activity, but the COOH terminus is sensitive to modification, since replacement of Arg37 can lead to reduced helix content and activity. In general, factors which reduce alpha-helix content also reduce antifreeze activity.